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Femoral nerve block (FNB) is by far the most useful lower extremity regional anesthetic technique
for the anesthesiologist, and high-resolution ultrasonography is a useful tool with which to guide the
performance of FNB. However, the relationships between the femoral nerve and the femoral artery
in different lower extremity positions have rarely been discussed. The purpose of this study was to
evaluate the relative positions of the femoral nerve and artery at different lateral rotational angles of
the lower extremities using ultrasonographic imaging. We enrolled 41 healthy volunteers in this
study. Two-dimensional ultrasonographic images of the femoral nerve were obtained using an ultra-
sound unit, in the inguinal crease, for four positions of the bilateral lower extremities: 0°, 15°, 30°
and 45° lateral rotation of each extremity. The following assessments were made in each position:
minimal skin-to-nerve distance (SN) and deviation of nerve-to-landmark (femoral artery pulsation)
horizontal distance (NF). A trend towards lateral rotation of both lower extremities was identified.
The Pearson correlation values between rotational degree to SN and rotational degree to NF were
−0.216 and 0.430, with p values of 0.001 and less than 0.001, respectively. Body mass index had a
good correlation (r=0.76–0.78) with SN. The results of our ultrasound study revealed that the more
lateral the rotation of both lower extremities, the closer the femoral nerve was to the skin and the
farther away it was from the femoral artery. In order to increase the success rate and decrease the rate
of complications, a suggested lateral 45° rotation of both lower extremities is strongly recommended
when performing FNB using the peripheral nerve stimulator technique or the field block technique.
In any situation, individual ultrasound guidance is recommended for FNB whenever possible.
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Femoral nerve block (FNB) is by far the most useful
lower extremity regional anesthetic technique for the
anesthesiologist. It can be used alone for quadriceps
biopsy, or in combination with sciatic nerve block for
lower leg and foot surgery [1]. FNB is most effective
as an analgesic adjunct following total knee arthro-
plasty [2], anterior cruciate ligament repair or midshaft
femur fracture repair.
Traditionally, FNB can be performed using either
a peripheral nerve stimulator (PNS) or a field block
technique. Although the PNS technique helps to define
Received: November 6, 2006 Accepted: June 6, 2007
Address correspondence and reprint requests to: Dr Kuong-
Shing Chu, Department of Anesthesiology, Kaohsiung Medical
University Hospital, 100 Shih-Chuan 1st Road, Kaohsiung 807,
Taiwan.
E-mail: cks0708@kmuh.org.tw
Ultrasonography of the femoral nerve and artery
Kaohsiung J Med Sci December 2007 • Vol 23 • No 12 619
needle-to-nerve proximity, it takes longer and does
not deposit anesthetic solution across the tissue plane.
The field block technique has the advantage of being
exceedingly easy to learn, but complications such as
increased needle-to-nerve contact, intravascular injec-
tion, hematoma formation and local anesthetic toxicity
have been reported [1].
Currently, high-resolution ultrasonography is a use-
ful tool that is valuable for localizing the brachial
plexus and diagnosing peripheral nerve entrapment
syndromes, neuropathies and nerve tumors [3–7].
Another advantage is the real-time imaging guidance
of needle advancement during ultrasonographic-
assisted nerve block. In principle, the femoral nerve
can also be identified by ultrasonographic imaging.
The fascia iliaca, the fascia lata and bony structures
are predominantly hyperechoic (bright) on ultrasonog-
raphy. Therefore, the anatomic relationships between
the femoral nerve and its neighboring structures may
be recognized by ultrasonographic imaging.
The purpose of this study was to evaluate the rel-
ative positions of the femoral nerve and artery with
different lateral rotational angles of the lower extrem-
ities using ultrasound imaging guidance. The rela-
tionships among gender, body weight, body height,
body mass index (BMI) and the minimal distance of
skin-to-nerve are also discussed.
MATERIALS AND METHODS
After institutional review board approval (Kaohsiung
Medical University, Kaohsiung, Taiwan) and written
informed consent, 41 healthy volunteers participated in
this study. Two-dimensional ultrasound images of the
femoral nerve were obtained using a high-frequency
linear 5-cm ultrasound probe in the 5- to 10-MHz range,
and a SonoSite Titan unit (SonoSite Ultrasound, Bothell,
WA, USA) with flow Doppler, compound imaging
and image capturing capabilities.
To scan the femoral nerve, each volunteer lay on 
a bed in supine position with 15° abduction of each
extremity, and the degree of lateral rotation was mea-
sured using a protractor. Each volunteer was scanned
at the inguinal crease, with four positions of the bi-
lateral lower extremities—0°, 15°, 30° and 45° lateral
rotation for each extremity; the goal was to localize
the femoral nerve and to examine the relationship
between the femoral nerve and femoral artery. The
ultrasonographic probe was positioned perpendicular
to the skin at a central landmark, defined as the point
of femoral pulse in the inguinal crease, and oriented
to obtain the best possible transverse cross-sectional
view of the femoral nerve (that is, the ultrasonographic
beam perpendicular to the nerve) and femoral artery,
as shown in the Figure.
The following assessments were made in each posi-
tion: minimal skin-to-nerve distance (SN); deviation of
nerve-to-landmark horizontal distance (NF); and iden-
tification of neighboring vascular, muscular, and bony
structures. The age, gender, weight, height and BMI of
each volunteer were recorded. Data are expressed as
mean ± standard deviation.
ANOVA was used to evaluate the statistical sig-
nificance of differences in SN and NF distances among
each position. Univariate logistic regression analysis
was performed to assess the impact of obesity on 
the accuracy of the landmark approach. Obesity was
defined as BMI ≥ 30 kg/m2. A p value of less than 0.05
was considered to be statistically significant.
RESULTS
Complete data, including the ultrasound examination
images, were obtained for 41 subjects (18 women, 23
men). Their mean age was 42 years (range, 18–77 years)
and mean BMI was 24.34 kg/m2. The characteristics
Figure. Transverse compound extend field-to-view image of the
inguinal region. A femoral nerve cross section lateral to the femoral
artery is shown. FN and white arrows indicate the femoral nerve.
FA = femoral artery; FV = femoral vein; IL = iliac muscle; PS =
psoas muscle.
Kaohsiung J Med Sci December 2007 • Vol 23 • No 12620
H.T. Hsu, I.C. Lu, Y.L. Chang, et al
and demographic data of the volunteers are pre-
sented in Table 1. Ultrasonographic identification of
the femoral artery and nerve was possible in all cases
(ultrasonography always identifies nerve structures
that form a bundle, which can be identified unequivo-
cally as the femoral nerve at the inguinal crease level).
In all cases, the nerve was directly adjacent to the
femoral artery (FA), iliac muscle (IL) and psoas muscle
(PS) (Figure).
Separate regression analyses were performed. In
all cases, there was no statistical difference in SN and
NF values between the left and right lower extremities,
in each position. There was no relationship between
height and SN, but there were positive relationships
between height and NF in each position (p < 0.05).
Specifically, the taller the volunteer, the larger the NF.
There were also positive relationships between body
weight and SN (p < 0.01), and between body weight
and NF (p < 0.05), in each position (Table 2). Greater
body weights were associated with larger SN and NF
values. Exceptions were found in the NF of the left leg,
at 15° and 30° lateral rotation positions, with p values
of 0.054 and 0.068, respectively. There was a good
correlation (r=0.76–0.78) between SN and BMI in each
position (p < 0.01) (Table 3). However, there was only
a very weak correlation between BMI and NF in any
position. With regard to gender, there was no statistical
difference in SN and NF in any position.
Regarding degrees of rotation, we found statis-
tically significant results. The mean SN was 1.97 ±
0.66 cm at 0°, 1.81 ± 0.64 cm at 15°, 1.68 ± 0.62 cm at
30°, and 1.59 ± 0.60 cm at 45° (Table 4). The relation-
ship between rotational degree and SN was negative
(r = –0.216; p = 0.01), meaning that the more lateral the
rotation of the leg, the closer the femoral nerve was 
to the skin surface. The mean NF was 0.84 ± 0.16 cm 
at 0°, 0.92 ± 0.16 cm at 15°, 0.98 ± 0.17 cm at 30°, and
1.05±0.17cm at 45° (Table 4). The relationship between
rotational degree and NF was positive (r = 0.430; p <
0.01), meaning that the more lateral the rotation of
Table 1. Demographic data of volunteers
n Age (yr) Body weight (kg) Body height (cm) BMI (kg/m2)
Male 23 38.22 ± 13.69 73.80 ± 11.95 170.30 ± 7.09 25.32 ± 4.05
Female 18 47.50 ± 16.81 56.48 ± 9.15 156.44 ± 5.55 23.09 ± 3.51
Total 41 42.29 ± 15.65 66.20 ± 13.78 164.22 ± 9.45 24.34 ± 3.94
BMI = body mass index.
Table 2. Pearson’s correlation (r) among height (H), body weight (BW), body mass index (BMI) and deviation of nerve-
to-landmark (femoral artery pulsation) horizontal distance (NF)
Right leg Left leg
NF 0° NF 15° NF 30° NF 45° NF 0° NF 15° NF 30° NF 45°
H 0.421* 0.362† 0.343† 0.320† 0.426* 0.447* 0.449* 0.479*
BW 0.448* 0.414* 0.418* 0.407* 0.416* 0.304 0.288 0.326†
BMI 0.262 0.257 0.273 0.279 0.224 0.058 0.030 0.060
*p < 0.01; †p < 0.05.
Table 3. Pearson’s correlation (r) among height (H), body weight (BW), body mass index (BMI) and minimal skin-to-
nerve distance (SN)
Right leg Left leg
SN 0° SN 15° SN 30° SN 45° SN 0° SN 15° SN 30° SN 45°
H −0.066 −0.093 −0.108 −0.106 −0.098 −0.103 −0.087 −0.102
BW 0.564* 0.546* 0.548* 0.545* 0.545* 0.540* 0.563* 0.548*
BMI 0.766* 0.764* 0.778* 0.770* 0.763* 0.760* 0.777* 0.767*
*p < 0.01.
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the leg, the more the femoral nerve deviated from the
femoral artery.
None of the volunteers experienced any adverse
events after our study.
DISCUSSION
FNBs, using both continuous and single injection tech-
niques, are effective strategies for providing post-
operative analgesia after several kinds of surgery of
the lower extremities, such as total knee replacement
(TKR), anterior cruciate ligament reconstruction and
midshaft femur fracture [1,8,9].
To perform this block, it is useful to think of the
mnemonic “VAN” (vein, artery, nerve) going from
medial to lateral, when recalling the relationship of
the femoral nerve to the vessels in the femoral triangle.
The femoral nerve supplies the muscular branches 
of the iliacus and pectineus, and the muscles on the
anterior thigh, except for the tensor fascia femoris.
The nerve also provides cutaneous filaments to the
front and inner sides of the thigh and to the leg and
foot (saphenous nerve), as well as the articular branches
of the hip and knee joints. The PNS technique has
been a reliable approach for performing FNBs. The
landmarks that we used were the inguinal crease and
the femoral artery pulse. Because the motor branches
to the sartorius muscle depart from the anteromedial
aspect of the femoral nerve, we can never be sure
whether stimulation of the sartorius muscle is achieved
within the sheath of the femoral nerve or outside of
it. Therefore, this should always be confirmed by per-
forming quadriceps stimulation before injecting local
anesthetic. However, complications such as local anes-
thetic toxicity or hematoma formation may result from
this semi-blind procedure [1]. Repeated manipulations
could also result in damage to perinerve tissues such as
the iliopsoas and sartorius muscles. Greher et al sug-
gested that a modification of the classical approach of
infraclavicular vertical brachial plexus block would
help to increase the success rate and decrease the rate
of potentially severe complications in ultrasonographic
assessment [10]. Vloka et al also demonstrated the
effects of leg rotation on sciatic nerve block performed
via an anterior approach [11]. Therefore, it is reasonable
to assess the effects of leg rotation on FNBs performed
by different approaches, using ultrasonography.
The results of our ultrasonographic study revealed
that the more lateral the rotation of the lower extrem-
ities, the closer the femoral nerve was to the skin and
the further away it was from the femoral artery. The
mean NF revealed by our study, regardless of rota-
tional degree, was 0.94 ± 0.18 cm. This value is smaller
than that reported by Schulz-Stubner et al (1.87 ±
0.1 cm) [17]. This might be due to our study sample
being too small and/or racial differences. However,
the result of Schafhalter-Zoppoth and Moriggl (1.2 ±
0.3 cm) [18] was similar to our result, although their
sample size was only 20. The suggested deviated dis-
tance of blind-injected location is 1 cm lateral to femoral
pulsation at the inguinal crease in order to avoid punc-
turing the femoral artery. The average SN revealed by
our study, regardless of rotational degree, was 1.76 ±
0.64 cm; thus, the injection depth should not be more
than 2.5 cm in order to avoid intraneural injection 
of local anesthetics, although reports of permanent
neural damage caused by FNBs are very rare.
The poor correlation between BMI and NF was
also reported by Schulz-Stubner et al [17]. However,
according to our study, there was mild-to-moderate
correlation between NF and both height (r = 0.32–
0.48) and body weight (r = 0.29–0.45) at different rota-
tional angles of the lower extremities (Table 2). The
shorter the height or the lesser the body weight of the
volunteer, the closer the nerve was to the artery. This
might increase the probability of vessel puncture and
hematoma formation. On the other hand, SN was well
correlated (r = 0.76–0.78) with BMI, and moderately
correlated (r = 0.54–0.57) with body weight (Table 3).
Therefore, the greater the BMI or body weight of the
volunteer, the deeper the femoral nerve was in the
Table 4. Degree of rotation compared with SN and NF values (ANOVA test)
Group 0° 15° 30° 45° Pearson’s correlation (r) p
SN (cm) 1.97 ± 0.66 1.81 ± 0.64 1.68 ± 0.62 1.59 ± 0.60 −0.216 0.001
NF (cm) 0.84 ± 0.16 0.92 ± 0.16 0.98 ± 0.17 1.05 ± 0.17 0.430 < 0.001
SN = minimal skin-to-nerve distance; NF = deviation of nerve-to-landmark (femoral artery pulsation) horizontal distance; ANOVA =
analysis of variance between groups.
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inguinal region. Further clinical studies are needed to
confirm our results in practice.
When performing peripheral nerve blocks, it is
likely the nerve may be injured by nerve impalement
or intraneural injection of local anesthetics. Although
nerve injuries following intentional impalement with
microelectrodes (5–300 µm diameter) generally repair
without sequelae [12,13,14], and no substantial injury
resulting from femoral nerve impalement with a 22-
gauge needle (700µm diameter) has been reported [15],
the effects of intraneural injection of local anesthetics
are still controversial. Necrosis of neural tissues and
recovery of normal neural function over a period of a
few days have also been reported [16]. Therefore, the
use of ultrasonography to guide the administration
of peripheral nerve blocks is strongly recommended.
We believe the results of our study also provide reli-
able data that can guide the administration of femoral
nerve blocks and reduce the rate of complications if
ultrasonography is not available.
The major limitations of this study are that no actual
puncture was performed and the size of the study
group was small. Therefore, larger clinical studies are
needed to confirm our results in practice. Moreover, our
findings are not applicable to children or to morbidly
obese patients.
In summary, in order to increase the success rate
of FNBs and decrease the rate of complications, lateral
rotation of both lower extremities by 45° is strongly rec-
ommended for FNB administered by the PNS method,
field block technique or other blind and semi-blind
methods. In any case, individual adjustment of lat-
eral rotational angle by ultrasonographic guidance is
recommended for FNB whenever possible.
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